Nevirapine is a non-nucleoside reverse transcriptase inhibitor of human immunodeficiency virus, type 1 (HIV-1). The drug is practically insoluble in water (0.1 mg/ml), belongs to Class II as per Biopharmaceutical Classification System\[[@ref1]\] with a log octanol-water partition coefficient (log P) of 2.5 and a pKa of 2.8\[[@ref2]\]. HIV enters the human host via mucosal surfaces and is subsequently disseminated throughout the lymphatic tissues, a major reservoir of virus throughout the course of infection\[[@ref3][@ref4]\]. A self-emulsifying drug delivery system (SEDDS) is defined as an isotropic mixtures of oil, surfactant, co-surfactant and the drug substance. Upon mixing with water the system has an ability to form fine colloidal droplets with very high surface area. The oil component of SEDDS is an important constituent, not only because it can solubilise lipophilic drug or facilitate self emulsification but it can increase the fraction of lipophilic drug transported via the intestinal lymphatic system, thereby increasing absorption from the gastrointestinal tract depending on the nature of the triglyceride\[[@ref5][@ref6]\]. Both long and medium chain triglyceride oils with different degrees of saturation have been used for the design of self-emulsifying formulations. Advantages of this drug delivery to intestinal lymphatics include avoidance of hepatic first pass metabolism and potential to target specific disease states known to spread via the lymphatic system, for example, certain lymphomas and HIV\[[@ref7]\]. The self-emulsification process was shown to be dependent on the lipid/surfactant pair, the surfactant concentration, the ratio between lipid and surfactant\[[@ref8]\]. However, only specific combinations can lead to an efficient self-emulsifying system\[[@ref9][@ref10]\]. It is advantageous to use medium chain triglycerides (MCT) SEDDS due to their higher fluidity, better solubility properties and self-emulsification ability compared with long chain triglycerides (LCT)\[[@ref9][@ref10]\], as well as a better chemical stability of drug substance in MCT due to the purity of the lipid and the lack of double bonds, that can catalyse oxidation. The two lipids are differently transported in the body: MCT is directly transported by the portal blood to the systemic circulation\[[@ref11]\], whereas LCT is transported in the intestinal lymphatics. However, some of the medium-chain saturated fatty acids are resynthesized or re-esterified to triacylglycerols or neutral lipids, packaged within apoprotein surface layers and transported via the lymphatic system\[[@ref5]\]. Recently, Sun *et al*. has reported that, the lymphatic transport of sirolimus from SMEDDS formulation containing ≥25% MCT was a major contributor to its oral bioavailability\[[@ref12]\].

HIV/AIDS patients often have severe fat malabsorption and thus their quality of life is greatly diminished. If they could ingest a diet containing a readily absorbable fat source, such as MCTs, their steatorrhea and stool nitrogen excretion could be diminished and their nutritional status may be improved\[[@ref13][@ref14]\]. Craig *et al*. have demonstrated that the MCT-containing formula to be better tolerated by AIDS patients, with fat malabsorption, compared to control liquid formulas (relative to solid food diet) and suggested as a source of dietary fat for such patients\[[@ref13]\].

With a view to improve the solubility of the poorly water-soluble drug nevirapine, we have reported a SEDDS using caprylic acid, Soluphor^®^ P and Transcutol^®^ P\[[@ref15]\]. Soluphor^®^ P has been much explored as permeation enhancer for topical\[[@ref16]\] and parenteral application\[[@ref17]\]. In recent years, Soluphor^®^ P has been tried by many researcher groups for solubility and permeability improvement of poorly-soluble drugs for oral human use. Shende *et al*. were successful to solubilise lamotrigene, an anti-epileptic drug, by virtue of microemulsion for nasal delivery using Soluphor^®^ P as a co-surfactant\[[@ref18]\]. Dharap *et al*. tried several solvents and solubilizers to solubilise ibuprofen and nifedipine and reported that Soluphor^®^ P and Solutol^®^ HS15 (Polyoxyl 15 hydroxystearate) improved solubility and were compatible for use in hard gelatine capsules\[[@ref19]\]. Ruchatz and Kotler\[[@ref20]\], studied the properties of 2-pyrrolidone (Soluphor^®^ P) as a co-solvent for the dissolution enhancement of water insoluble drugs like clotrimazole, 17-β-estradiole, sulfathiazole, riboflavin, PHB-ester, acetaminophen in comparison to other commonly used solvents. It was found that the efficacy of Soluphor^®^ P was considerably higher than other often used co-solvents. To date, pharmaceutical formulations developed using Soluphor^®^ P for human oral use have been confined to *in vitro* characterization. In our laboratory, we have made an attempt to check its role in development of a self-emulsifying drug delivery system for hydrophobic drug, nevirapine for human oral use, carried out *in vitro* and *ex vivo* characterisation and *in vivo* performance in a rat model.

Our study\[[@ref15]\] indicated that the developed nevirapine SEDDS showed greater diffusion and intestinal permeability than the marketed suspension (Nevimune^®^, CIPLA, Mumbai). However the previous studies focused on solubility of nevirapine, optimization of self-emulsifying drug delivery system, its characterization by transmission electron microscopy (TEM), droplet size determination, cloud point measurement, *in vitro* diffusion and *ex vivo* intestinal permeability studies. Such characterizations as shown in [Table 1](#T1){ref-type="table"} form the fundamental basis for developing SEDDS. In the present study, we investigated the pharmacokinetic profile of nevirapine after oral administration of developed nevirapine SEDDS and compared with the marketed conventional suspension. The *in vivo* investigation confirmed the solubilising and permeation enhancing property of Soluphor^®^ P. The attempt was also made to understand the role of medium chain fatty acid, caprylic acid and solubilizer, Soluphor^®^ P in absorption of lipophilic drug in an animal model. We reported earlier that LCT (oleic acid) was next to MCT (caprylic acid) in solubilising nevirapine, but the latter was selected due to its specific advantages, especially in formulating the lipid-based formulation for HIV patients, where medication last for longer duration. Our results indicate that nevirapine SEDDS results in improved bioavailability of the poorly-water soluble drug nevirapine.

###### 

*IN VITRO* CHARACTERIZATION OF NEVIRAPINE MARKETED SUSPENSION AND SEDDS
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MATERIALS AND METHODS {#sec1-1}
=====================

Nevirapine was a generous gift from Matrix Laboratories Ltd., Hyderabad, India, caprylic acid (MCT) was obtained from Soofi Traders, Mumbai, India, 2-pyrrolidone (Soluphor^®^ P) was obtained from BASF Corp., Mumbai, India. Diethylene glycol monoethyl ether (Transcutol^®^ P) was provided by Gattefosse, France. Diethyl ether was purchased from S. D. Fine-Chem Ltd., Mumbai. All other chemicals and solvents used were of analytical grade.

Preparation of self-emulsifying drug delivery system of nevirapine: {#sec2-1}
-------------------------------------------------------------------

The developed formulation consisted of nevirapine:caprylic acid:Soluphor^®^ P:Transcutol^®^ P (4.5: 8.17: 71.16: 16.17, % w/w). The formulation was prepared by dissolving the nevirapine (50 mg) in the mixture of Transcutol^®^ P (180 mg) and Soluphor^®^ P (792 mg) at 50° in a water bath (Equitron, Chennai, India). Caprylic acid (91 mg) was then added. This mixture was mixed by vortexing (Cyclomixer, Remi Instruments Ltd., Mumbai, India) until a transparent preparation was obtained.

HPLC analysis: {#sec2-2}
--------------

The HPLC analysis was carried out on Jasco high performance liquid chromatography system with a BDS column (LCGC Qualisil C18, 250×4.6 mm, 5 μm). The mobile phase of 10 mM sodium phosphate buffer pH 5.0/acetonitrile (70:30) was pumped at a flow rate of 1.0 ml/min. The column temperature was kept at 25°. The detector was set at 245 nm. The method was validated with respect to accuracy and precision as per ICH guidelines\[[@ref21]\].

Pharmacokinetic study: {#sec2-3}
----------------------

Bioavailability studies were performed in male Wistar rats weighing 280 to 350 g. All experiments and protocols described in this study were approved by the Institutional Animal Ethics Committee of Sri Dhanvantary Pharmaceutical Analysis and Research Centre, Surat, India and were in accordance with guidelines of the Committee for Purpose of Control and Supervision of Experiments on Animals, Ministry of Social Justice and Empowerment, Government of India. Two groups were made for the study, and four rats were kept in each group. The animals were fasted overnight prior to the experiment but had free access to water. The developed SEDDS and marketed suspension were administered by oral snode in an equivalent dose of 20 mg/kg of nevirapine. The blood samples (approximately 500 μl) were collected from the retro-orbital vein using a heparinized needle (18-20 size) at 0, 1, 2, 4, 8, 12, 16 and 24 hours after oral administration. The blood samples were collected into a heparinized microcentrifuge tube, subjected to centrifugation on a laboratory centrifuge and supernatant plasma was collected and kept at --20° until analysis.

Frozen plasma samples were thawed just prior to extraction. A 100 μl of plasma sample was transferred in 2 ml centrifuge tube. To that 100 μl of carbamazepine (1μg/ml in methanol) was added as an internal standard and vibrated on cyclomixer for 10 s. Then, 25μl of 0.1M sodium hydroxide was added, vortex-mixed for 20 s and to it 1ml of ethyl acetate was added and vortexed for 2 min. The tube was centrifuged at 15,000 rpm for 20 min at 4°, the organic layer was collected (top layer) and was transferred to clean tube and dried under nitrogen stream at ambient temperature. The residue was reconstituted with a 100 μl aliquot of mobile phase, and 50 μl was injected directly onto the HPLC column at a flow rate of 1.0 ml/min.

Plasma concentration versus time data of nevirapine for rats was analyzed using standard non-compartment analysis. The area under the plasma concentration-time curve (AUC~0→*t*~) from zero to 24 h was estimated by the linear trapezoidal method. The relative bioavailability (*F*) of SEDDS to the suspension was calculated using the Eqn., *F* =(AUC~0-∞(test)~/AUC~0-∞(reference)~)×100 %.

Statistical analysis: {#sec2-4}
---------------------

Statistical analysis for the determination of differences in diffusion, permeability and *in vivo* absorption profiles of nevirapine SEDDS and the marketed preparation was assessed by the use of Student\'s *t*-test. The pharmacokinetic data between different formulations were compared for statistical significance by Student\'s *t*-test. Statistical probability (*P*) values less than 0.05 were considered significantly different.

RESULTS AND DISCUSSION {#sec1-2}
======================

The linear range as shown in [fig. 1](#F1){ref-type="fig"} for the determination of nevirapine was 25-5000 ng/ml (correlation coefficient r^2^ =0.999). Intra-day and inter-day precision and accuracy of the developed method were assessed by analyzing three quality control samples containing a low, middle and high concentration of nevirapine, respectively 75, 500 and 3500 ng/ml. Precision is the degree of repeatability of a bioanalytical method under normal operational conditions. The precision was determined by repeatability (intra-day) and intermediate precision (inter-day) and reported as % RSD. At three quality control samples concentrations, intra-day precision was 5.12, 0.66 and 2.34 %; inter-day precision was 1.94, 0.75 and 2.34 %, respectively. Accuracy is the percent of analyte recovered by assay from a known added amount. The accuracy was calculated as the average percentage of the nominal concentration. Intra-day accuracy was found to be 94.58, 100.4 and 103.93%; inter-day accuracy was found to be 98.93, 101.09 and 102.55 %, respectively. A representative chromatogram is shown in [fig. 2](#F2){ref-type="fig"}.

![Calibration curve of nevirapine in rat plasma.](IJPhS-76-218-g002){#F1}

![Typical chromatogram of nevirapine and internal standard.\
Typical chromatogram showing the elution of nevirapine, Rt at 6.76 min and internal standard, carbamazepine with Rt at 16.27 min.](IJPhS-76-218-g003){#F2}

To investigate the oral bioavailability of nevirapine SEDDS, the pharmacokinetic parameters of nevirapine were determined after oral administration of nevirapine SEDDS and marketed conventional suspension to male Wistar rats. [Fig. 3](#F3){ref-type="fig"} shows the change of mean plasma concentration after oral administration of nevirapine in rats. The calculated relative bioavailability of the nevirapine SEDDS compared to the marketed suspension was 269%. The AUC~0-t~ of nevirapine from SEDDS was found to be significantly higher (*P*\<0.05) as compared to marketed conventional suspension. The *K*~ele~ and *t*~1/2~ values of nevirapine from SEDDS were not much different from suspension. The *C*~max~ of the SEDDS was much higher than the suspension ([Table 2](#T2){ref-type="table"}).
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###### 

RELATIVE BIOAVAILABILITY AND PHARMACOKINETIC PARAMETERS OF NEVIRAPINE SEDDS
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Our earlier study\[[@ref15]\] has indicated that among the various surfactants and solubilizers, Soluphor^®^ P has shown the maximum solubility of nevirapine ([Table 3](#T3){ref-type="table"}). The *in vitro* diffusion study across dialysis membrane and *ex vivo* intestinal permeation study across intestine of male wistar rat showed better results (*P*\<0.05) compared to marketed conventional suspension. The present investigation of *in vivo* absorption in animal model confirms the solubilising and permeation enhancing property of Soluphor^®^ P.

###### 

SOLUBILITY OF NEVIRAPINE IN VARIOUS EXCIPIENTS
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A certain amount of lipid is needed to initiate the biochemical processes involved in the lymphatic transport of drugs\[[@ref5][@ref22]\]. Fifty microliters of lipid dosed orally has been shown to be the borderline values\[[@ref22][@ref23]\]. In the present study, the amount of fatty acid (caprylic acid) dosed per rat was approximately 90 μl, when the rats were administered with formulation including 8.56% MCT. The amount of oil dosed has been confirmed as being above the threshold. Khoo *et al*. have demonstrated that formulation approaches using a small lipid volume either long chain or medium chain lipids can stimulate the endogenous release of triglycerides, the formation of lipoproteins and the drug transport through the lymphatic transport\[[@ref24]\]. The dependence of portal or lymphatic transport on chain length of the fatty acid is less clear, as there are reports of lymphatic transport of medium chain fatty acids and portal blood absorption of long chain fatty acids\[[@ref25][@ref26]\].

Our *in vivo* results using, caprylic acid having lipid number C8:0 ([fig. 4](#F4){ref-type="fig"}) is in agreement with those obtained with similar medium chain fatty acids reported earlier for several lipophilic drugs\[[@ref12][@ref27][@ref28][@ref29][@ref30][@ref31][@ref32][@ref33]\]. During the absorption phase, the drug molecules are usually exposed to the activity of major phase I drug metabolizing enzyme, cytochrome P450 3A4 (CY3A4), present at high concentrations in enterocytes located at the villus tip of the small intestine. The lipid component of the nevirapine SEDDS may shield the drug molecule from the enzymes and/or attenuates the expression and activity of these enzymes\[[@ref34]\].
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The medium chain triglycerides, as reported are hydrolyzed rapidly and help in immediate absorption of lipophilic drugs via portal vein\[[@ref35]\]. The higher amount of caprylic acid, a medium chain fatty acid may initially give rise to plasma nevirapine concentration and there after there may be a stimulation of endogenous lipid secretion leading to lipoprotein synthesis and subsequent lymphatic absorption\[[@ref36][@ref37]\].

The enhanced oral bioavailability of nevirapine may be due to cumulative effects of medium chain fatty acid and solubilizer. Main mechanism may include transient effect of fatty acid on membrane fluidity\[[@ref38]\], transport either via portal route or both portal and lymphatic routes\[[@ref5][@ref25][@ref39][@ref40]\] and permeation enhancing property of Soluphor^®^ P\[[@ref17]\].

The pharmacokinetic data indicated that the nevirapine SEDDS have better *in vivo* absorption compared to marketed suspension. The higher bioavailability might be due to the enhanced solubility of nevirapine and the composition of the delivery system. The investigation also supports the wide application of Soluphor^®^ P including dermal and parenteral in pharmaceuticals for poorly water-soluble drugs. In conclusion, the data obtained in the present study highlight the importance of medium chain triglycerides and solubilizer in the enhancement of lipophilic drug by self emulsifying drug delivery system. Despite the fact that MCT are absorbed primarily by portal route and nevirapine being extensively metabolised, our results suggest that the combined effect of rapid hydrolysis and efficient absorption of caprylic acid and permeation enhancing property of Soluphor^®^ P may be responsible for improved bioavailability. It seems that oil component in the formulation may be sufficient enough to trigger endogenous release of triglycerides and resynthesis of medium chain triglycerides to triacylglycerol for formation of chylomicrons and subsequently intestinal lymphatic absorption\[[@ref39]\]. However, a further investigation is needed for these observations. The results of the study suggest that both lymphatic transport and absorption via portal blood of nevirapine can be enhanced after co-administration of structured triglyceride vehicle comprising both medium- and long-chain fatty acids. The structured lipid may also provide additional pharmaceutical benefits in the solubility of lipophilic drugs such as nevirapine. As medium chain fatty acids are absorbed into intestinal cells without micellar solubilisation in intestinal lumen, the amount of surfactant/solubilizer may be reduced and will be more compliant for HIV/AIDS patients with debilitated gastrointestinal tract. Much work needs to be done in this area to assess the potential of medium chain triglycerides in development of lipid-based antiretroviral therapy for AIDS patients.
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